Being overweight is associated with vascular abnormalities, which are important in the development of atherosclerosis.
Introduction
In the Western world milk is an important source of protein.
Dietary protein has in recent years received attention for its potential role in reducing risk of cardiovascular disease. Especially regarding blood pressure, there is good evidence of a protective effect of dietary protein in adults (1) (2) (3) . Consumption of milk products has also been associated with reduction of blood pressure in adults (4, 5) as well as in children (6) . Also, many epidemiological studies in adults have shown beneficial effects of milk consumption on the risk of metabolic syndrome (5, 7) .
Vascular abnormalities are thought to be a key initial step in the development of atherosclerosis (8) . Children seldom develop clinically manifest atherosclerosis; however, autopsy studies have shown that the atherosclerotic process starts early in life (9) , indicating that the health of the vessel wall may be important already in childhood. Several techniques, both invasive and noninvasive, have been developed to assess the function of the vessel wall, including the measurement of the augmentation index (Aix) 10 and PWV (pulse wave velocity). In adults, both the Aix measured at the radial site and the PWV measured at the carotid-femoral sites are associated with atherosclerosis and cardiovascular risk (10, 11) . Both methods are based on analysis of pressure waveforms; however, the Aix is a measure of the augmented central aortic pressure derived from the shape of the arterial pressure waveform and is considered a measure of systemic arterial stiffness (11) , whereas PWV is a measurement of the velocity of the arterial pulse over large artery segments and is a measurement of local arterial stiffness (12, 13) .
Because changes in the arterial wall may precede the onset of clinically apparent disease such as type 2 diabetes and hypertension (14) , it is highly relevant to gain knowledge about factors affecting the vascular structure and function in children. The PWV and Aix measure arterial stiffness at different sites of the arterial tree and they may well be affected by diet and lifestyle in different ways and at different times of the lifecycle.
However, few studies have focused on the effects of diet, physical activity, and adiposity on arterial stiffness at different arterial sites in children (15) and to our knowledge no studies have focused on the associations between intake of protein and milk and arterial stiffness.
Several mechanisms may indirectly or directly mediate vasoactive effects of dietary protein and dairy products. Amino acids such as arginine play an important role in regulating vasoactive tone through production of NO, and dairy products contain angiotensin-I-converting enzyme inhibitory peptides. Angiotensin-I-converting enzyme is an enzyme that plays a key role in regulation of blood pressure (3, 7) . Dietary protein and dairy products may mediate vasoactive effects indirectly via decreased fat mass. Intervention studies in adults have shown that dietary protein and dairy products are effective for obtaining loss of fat mass (16) (17) (18) . In children, little is known about the effects of dietary protein and dairy products, but during growth, dietary protein could play a different role than in adulthood. A high fat mass has been related to increased arterial stiffness in children (19) , and in obese children, a distribution of body fat with a higher ratio of android fat:gynoid fat mass has been related to higher fasting insulin and TG concentrations and decreased arterial compliance (20) . Therefore, we hypothesized that total fat mass and the android fat:gynoid fat ratio would be positively associated with increased arterial stiffness and that physical activity and protein and milk intake would be associated with reduced arterial stiffness. Thus, the aim of the current study was to evaluate the associations between protein intake, milk intake, physical activity, and distribution of body fat on arterial stiffness measured as PWV and Aix in overweight children with a habitually low milk intake.
Participants and Methods
Design and participants. This study includes baseline data from an intervention study where the aim was to examine whether it is beneficial for overweight children to increase intake of milk and milk proteins. The study included 193 children aged 12-15 y with a habitual milk and yogurt intake #250 mL/d. Participants were recruited from November 2008 to December 2010. Invitations were sent by post to children of birth years 1995, 1996, 1997, and 1998 living in the Copenhagen area using extractions from the Civil Registration System. The inclusion criteria were age 12-15 y and overweight defined by the use of internationally proposed cutoffs, i.e., an age-and gender-specific BMI corresponding to adult BMI .25 kg/m 2 (21) . The exclusion criteria were smoking, chronic diseases, and consumption of antibiotics within the last month.
Overall, 349 children responded to the invitations. At the initial suitability assessment, performed by telephone, 131 were excluded due to milk and yogurt intakes that were too high, a BMI that was too low, or chronic diseases. A total of 218 children appeared to fulfill the inclusion criteria and were invited to an information meeting one afternoon at the Department of Human Nutrition. At the information meeting, 14 children decided not to participate and one was excluded due to having a BMI that was too low. An additional 10 children did not show up for the first examination. Thus, 193 children were examined. Written informed consent was obtained from parents or guardians. The study was approved by the Scientific Ethics Committees of the Capital Region of Denmark, journal no. H-A-2008-084.
Anthropometry. The examinations were conducted in the morning after an overnight fast. Weight was recorded to 0.1-kg accuracy on a digital scale (Tanita BWB600) in underwear and a cotton t-shirt after the bladder was emptied. Height, waist, and hip circumference were measured in triplicate and averaged. Height was measured using a wall-mounted digital stadiometer (235 Heightronic Digital Stadiometer, Quick Medical and Measurement Concepts) to the nearest 0.01 cm without shoes. Height and weight measurements were entered into the software program WHO Anthro 2007 (Department of Nutrition, WHO), which calculated gender specific Z-scores. Waist circumference was measured using a nonelastic measuring tape at the umbilicus level. Hip circumference was measured at the point with the maximum circumference around the buttocks.
Total body fat, lean mass, and android and gynoid fat were assessed by DXA (Lunar Prodigy Advance; GE Healthcare). Android and gynoid fat were estimated by the software. The lower border of the android region was set at the upper border of the pelvis and the upper border was set at the level being 20% of the distance from the upper border of the pelvis to the neck. The upper border of the gynoid region was set at the level below the pelvis at which the distance from the upper border of the pelvis to the upper border of the gynoid region was 1.5 times the length of the android region; the lower border of the gynoid region was set at the level at which the length of gynoid region was twice the length of the android region. The androidfat:gynoid fat ratio was calculated as android fat mass (g)/gynoid fat mass (g). The android fat:body fat ratio was calculated as android fat mass (g)/ total fat mass (g); similarly, the gynoid fat:body fat ratio was calculated as gynoid fat mass (g)/total fat mass (g).
Diet. Dietary intake was estimated using a precoded food record in which the children recorded all food and beverages consumed for 4 d (3 weekdays and 1 weekend day) using household measures or portion sizes. The children filled in a booklet each day; the booklet was divided into 4 sections based on the main meals: morning, lunch, dinner, and inbetween meals. Each section contained a description of all common Danish meals, food items, and beverages. To assess portion size, the children were provided with a photo series of different meal types and with letters referring to different portion sizes. Data were analyzed using GIES software (version 1.000 d, The National Food Institute, DTU Food) and Danish Food Composition Databank (version 7; Søborg) (22) . The method for dietary registration has been validated in adults (23) . Basal metabolic rate (BMR) was calculated using Schofields equations (24) . The percentage energy from dietary protein and percentage energy from dietary fat were calculated based on the assumption that 1 g protein provides 17 kJ, whereas 1 g fat provides 38 kJ. Milk intake included the intake of yogurt.
Pubertal development. The children filled in a self-reported questionnaire on pubertal development according to Tanner stage based on assessment of pubic hair development in boys and breast stage in girls (25, 26) .
Hemodynamic measurements. Blood pressure was measured after 10 min of rest in a supine position at the nondominant arm using an automatic digital blood pressure device (A&D Medical Tokyo Japan; model UA-787 SN 50802 00005, Kivex). Three measurements were performed and the last 2 were averaged and used for analyses. The CV percentages were 10.7 and 5.4% for diastolic and systolic blood pressures, respectively. Mean arterial pressure (MAP) was calculated based on mean values of diastolic and systolic measurements using the formula:
The PWV and Aix were noninvasively assessed using applanation tonometry after 10 min of rest in a supine position using the SphygmoCor System according to the manufacturer's manual (Atcor Medical). The Aix was measured by placing the tonometer over the right radial artery. The Aix is affected by heart rate (27) and the values used in the current study were those adjusted by the software to a standard of 75 bpm. For the PWV measurement, the pulse wave was recorded at the carotid and femoral sites and calculated by the software as: PWV = D/t (m/s). D was the difference in distance between the carotid and femoral sites measured using a measuring tape at the surface distances: 1) the suprasternal notch and the femoral pulse; and 2) the suprasternal notch and the carotid pulse. t was the time difference between the 2 measuring sites calculated at the foot of the measured pulse wave in relation to the foot of the electrocardiogram waveform.
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The PWV and Aix were measured in duplicate immediately after one another. However, due to difficulties in obtaining the measurements, only one measurement of the PWV and Aix was obtained in 24 and 7 children, respectively. In 3 children, no measurements of either the PWV or Aix were obtained. In another 8 children, only the Aix was obtained, whereas in 7 children, only PWV was obtained. The coefficient of repeatability of the Aix was 12%, whereas that of the PWV was 0.82 m/s and the PWV CV% was 8.5%.
Biochemical measurements Serum TG, total cholesterol, HDL cholesterol, and LDL cholesterol were analyzed using the specific ABX Penta kits on Pentra 400 analysers (Horiba ABX). The intra-assay and inter-assay variation of the analysis of serum TG were 2.6 and 3.2%, 0.9 and 1.6% for serum total cholesterol, 1.2 and 4.0% for serum HDL cholesterol, and 1.3 and 2.7% for serum LDL cholesterol. Serum Creactive protein (CRP) concentrations were analyzed using the specific High Sensitivity CRP CP (Horiba ABX) on Pentra 400 analyzers with a detection limit of 0.10 mg/L. The intra-and inter-assay variations were 3.6 and 8.1%, respectively. Data below the detection limit of 0.10 were set at 0.05 (n = 44). Five children had serum CRP concentrations .10 mg/L and we assumed it was caused by acute inflammatory diseases and they were therefore omitted from the formal statistical analysis (28) . Fasting plasma glucose was analyzed using the ABX Pentra Glucose HK CP kit (Horiba ABX) on Pentra 400 analyzers. The intra-and inter-assay variations were 0.7 and 2.5%, respectively. Plasma insulin concentrations were analyzed by a solid-phase, 2-site chemiluminescent immunometric assay using the IMMULITE 1000 analyzers (Siemens) with intra-and inter-assay variations of 2.7 and 7.4%, respectively. The chemiluminescent immunometric assay had a cross reactivity of 8.5% with proinsulin. HOMA-IR was calculated as
Plasma insulin values below the detection limit of 14.4 were set at 7.2 pmol/L (n = 10). Serum urea was analyzed using the kinetic UV assay on Pentra 400 analyzers (Horiba ABX) with intraand inter-assay variations of 1.0 and 5.3%, respectively.
Physical activity. Physical activity was assessed by a 7-d pedometer count using Yamax (SW-200). The children filled in questionnaires daily registering number of counts, time the pedometer was taken on and off, and time spent cycling. Two data models for physical activity were estimated: unadjusted step per day and adjusted step per day. The unadjusted step per day was the average pedometer counts per day. The adjusted pedometer counts were calculated, because Danish children frequently ride bicycles. In the latter data model, time spent cycling was multiplied by 200 counts/min; furthermore, the pedometer counts of a day were omitted before statistical analysis if the pedometer was worn for ,8 h or if the number of days was ,4 (29, 30) .
Statistical analysis. Gender differences were tested using a 2 sample t test and Mann-Whitney test for normally and non-normally distributed variables, respectively. Differences in Tanner stage were tested using a chi-square test. Descriptive statistics are given by mean 6 SD. Spearman tests were conducted to examine correlations between dietary variables and BMI and between related variables (i.e., adjusted pedometer counts vs. unadjusted, waist:hip ratio vs. android fat:gynoid fat ratio, urea vs. total protein intake). Differences between children with and without the PWV and Aix measurements were tested using a 2-sample t test. We assumed that the values for the PWV and Aix were missing at random and therefore all available data were included for the analyses of determinants of the PWV and Aix. To obtain knowledge about potential confounding factors, bivariate linear regression models were conducted with the available data from the study as explanatory variables and average values for PWV and Aix as response variables adjusted by gender and height (for Aix models only). Multivariate models were performed as random effect models, because 2 measures were obtained for the response variables; this increases power and takes the variation within children into account. Backward stepwise regression was performed. The initial models included the interaction between gender and the explanatory variable of interest. The interaction was removed if it was nonsignificant. P , 0.05 was considered significant. The b coefficients were obtained using maximum likelihood estimation. Two models were constructed to examine associations between different adiposity measures and arterial stiffness. Initially, model 1 with PWV included age, gender, MAP, Tanner stage, and heart rate (19) as covariates, whereas model 1 with Aix initially included age, gender, Tanner stage, and height (27) . Model 2 was extended to adjust for HOMA, serum TG, and serum HDL cholesterol to examine whether the associations with adiposity were mediated or confounded by these cardiovascular risk factors (19) . Finally, the multivariate models were constructed to examine the independent associations of protein intake, milk intake, physical activity, and PWV and Aix. In addition to the covariates included in model 1, these models also initially included percentage energy from fat and BMI. All analyses were performed using STATA 11.0 (StataCorp). The study was powered to detect a difference of~0.40 SD in the outcome variables with a power of 80% for an exposure covering onehalf of the children.
Results
Basic characteristics. Overall, 120 girls and 73 boys with a mean age of 13.2 y were examined. Nineteen children weighed less when measured in a fasting state at the examination than when they were recruited and were therefore classified as normal weight. The remaining 152 children were classified as overweight and 22 children as obese. Girls were further along in pubertal development than were the boys, with 93% of the girls being Tanner stage $3 compared with 51% of the boys.
Boys and girls did not significantly differ in age, height, weight, and BMI. Girls had a significantly higher percentage body fat ( Table 1 ). The waist:hip ratio was positively correlated with the android fat:gynoid fat ratio (r = 0.7; P , 0.001) and both ratios were significantly higher in boys compared with those in the girls. Systolic blood pressure and PWV were significantly higher in boys than in girls. In contrast, Aix was significantly higher in girls than in boys. Serum HDL cholesterol was significantly lower and serum CRP and plasma glucose were significantly higher in boys compared with girls. In contrast, plasma insulin and HOMA were significantly higher in girls compared with boys. Boys were significantly more physically active and had higher energy and protein intakes than girls.
Children with PWV measurements (n = 182) had a higher android fat:gynoid fat ratio (P , 0.05) compared with the children without PWV measurements (n = 11). There were no significant differences in any adiposity or cardiovascular variables between the group with (n = 183) or without measurements for Aix (n = 10). The 2 models with pedometer counts were correlated (r = 0.85; P , 0.001). Therefore, the unadjusted measures were used in the analyses.
Dietary intake. Total energy intake relative to the BMR was 1.08 6 0.34 (mean 6 SD), and 49% reported an energy intake less than the BMR, indicating underreporting of dietary intake. There was no relation between energy intake and BMI. The difference in energy intake minus BMR negatively correlated with BMI (r = 20.21; P , 0.01). Total dietary protein intake correlated with the concentration of urea (r = 0.29; P , 0.001). There was no significant correlation between milk intake and BMI (P = 0.41).
Potential confounding factors. Systolic and diastolic blood pressure, MAP, and heart rate were positively associated with PWV, whereas there were no associations with Aix ( Table 2 ). The serum HDL cholesterol concentration was negatively associated with Aix and there was a trend toward a negative association between serum HDL cholesterol and PWV (P = 0.10). The serum TG was positively associated with the PWV, whereas plasma insulin and HOMA were positively associated with the Aix. There were trends toward positive associations between plasma insulin and the HOMA (P = 0.08) and PWV (P = 0.10).
Associations between adiposity and arterial stiffness. In bivariate regression analysis adjusted by gender, waist circumference and BMI were positively associated with the PWV only, whereas the android fat:gynoid fat and android fat:body fat ratios were positively associated with both PWV and Aix. The gynoid fat:body fat ratio was negatively associated with both PWV and Aix. The android fat:gynoid fat ratio remained significantly positively associated with PWV adjusted for heart rate and MAP ( Table 3) . Adjusting for serum HDL cholesterol, serum TG, and HOMA attenuated the effect of the android fat: gynoid fat ratio, but it remained significantly positively associated with PWV. Serum HDL cholesterol, serum TG, and HOMA were not significantly associated with PWV. The waist:hip ratio was positively associated with the PWV (b = 1.96; P , 0.05) adjusted for MAP and heart rate.
In the model examining the association between the android fat:gynoid fat ratio and Aix, both HOMA and the android fat: gynoid fat ratio remained significantly associated with the Aix when adjusted for height and gender (Table 4) . Also, the waist: hip ratio was positively associated with Aix when adjusted for height and gender (b = 27.5; P , 0.05). The amount of android fat relative to total body fat was positively associated with both the PWV and Aix, but the effect was attenuated and nonsignificant when adjusting for serum HDL cholesterol, serum TG, and HOMA. In contrast, the amount of gynoid fat relative to total body fat remained significantly negatively associated with the Aix after adjustment for the effect of serum HDL cholesterol, serum TG, and HOMA. There were no interactions between any of the adiposity variables and gender.
Associations among protein intake, milk intake, physical activity, and arterial stiffness. In the model examining the effect of dietary protein, milk intake, and physical activity as independent determinants of PWV, percentage energy from protein was positively associated with PWV (b = 0.05; P , 0.01) adjusted by MAP and heart rate. There was a trend for milk intake to be negatively associated with PWV (b = 20.64; P = 0.05). None of the covariates (age, gender, Tanner stage, pedometer counts, percentage energy from fat, or BMI) were significantly associated with the PWV.
When examining the effect of dietary protein, milk intake, and physical activity as independent influences on the Aix, only pedometer counts were negatively associated with Aix (b = 23.66; P , 0.05) adjusted for height. There were no significant associations with age, gender, Tanner stage, percentage energy from fat, percentage energy from protein, milk intake, or BMI. In the final model adjusted for serum HDL cholesterol, serum TG, and HOMA, the effect of pedometer counts was attenuated (b = 22.83; P = 0.09), whereas there was a positive association between HOMA and the Aix (b = 0.95; P , 0.01). For both PWV and Aix, there were no interactions between gender and protein intake (percentage energy), milk intake, or physical activity.
Discussion
The current study shows that overweight children with more pronounced central adiposity have poorer vascular function than overweight children with less central adiposity. Greater arterial stiffness was seen in children with high amounts of android fat relative to gynoid fat. This was true for both the Aix and PWV, which are considered measures of systemic arterial stiffness and local arterial stiffness, respectively (11) (12) (13) . The waist:hip ratio, which is a simpler and more easily obtained measure, was highly correlated with the android fat:gynoid fat ratio, indicating that it reflects the same fat distribution. Our data also showed that the waist:hip ratio is positively associated with the PWV and Aix. Few studies have measured both the PWV and Aix in children. A recent study of youth aged 10-24 y who were lean, obese, or obese with type 2 diabetes found no associations between the android fat:gynoid fat ratio and Aix or PWV (31) . However, a large proportion of the participants were receiving antihypertensive and insulin-sensitizing medication that may have affected the results, making comparisons with our study difficult. Our study also indicates that the android fat depot itself is positively associated with arterial stiffness, whereas the gynoid fat depot is negatively related to arterial stiffness measured as the Aix. Overweight children have lower HDL cholesterol, higher TG, and higher insulin concentrations compared to normal weight children (32, 33) and their android fat:gynoid fat ratio is positively associated with HOMA (34) . Therefore, we hypothesized that the associations between the android fat:gynoid fat ratio and the PWV and Aix were mediated or confounded by serum HDL cholesterol, serum TG, and HOMA. However, the associations remained significant, although they were attenuated after adjusting for serum HDL cholesterol, serum TG, and HOMA, indicating that these risk factors may explain some but not all of the relations between the android fat:gynoid fat ratio and arterial stiffness. However, of the cardiovascular risk factors, only HOMA was significantly positively associated with the Aix. In accordance with this, children with diabetes have been shown to have higher Aixs compared with controls (31, 35) . HOMA has been found to be positively associated with PWV in healthy children aged 10 y; however, this was not persistent when adjusting for BMI or waist circumference, indicating that the associations between insulin resistance and PWV may have been confounded by the effect of body size or abdominal fat (19) .
We did not find any associations between BMI, waist circumference, or body fat percentage and arterial stiffness after controlling for known confounding factors. In contrast, a study in healthy 10-y olds found that waist circumference, BMI, and percentage body fat were significantly associated with PWV after adjusting for HOMA and TG and HDL cholesterol concentrations (19) .
Concordant with our findings, abdominal fat measured by DXA scans has been found to correlate with other measures of arterial stiffness such as intima media thickness, cross-sectional compliance, and flow-mediated vasodilation in obese adolescents aged 11-18 y (20,36) . In adult women, central fat but not total fat measured by DXA was an independent determinant of the Aix (37) . Ultrasound examinations have shown that among abdominal adipose tissue compartments, the visceral fat thickness is strongly correlated with the elastic properties of the abdominal aorta (38) . However, in the current study, the amount of android fat relative to gynoid fat was estimated from DXA scans, which does not distinguish between subcutaneous and visceral fat tissue. In children aged 7-16 y, waist circumference compared with BMI is the best predictor of visceral fat, whereas BMI is the best predictor of subcutaneous fat (39) . In our study, android fat strongly correlated with waist circumference. Thus, the associations between android fat and gynoid fat and arterial stiffness may reflect an early adverse effect on the arterial tree of accumulation of visceral adipose tissue.
Physical activity and arterial stiffness. Our data showed that physical activity measured by 7-d pedometer counts was negatively associated with the Aix. We did not find any associations between pedometer counts and PWV. Urbina et al. (31) also found that physical activity measured by accelerometers was inversely associated with the Aix, but they also found no relation to PWV in youth aged 10-24 y (31) . Other studies of physical activity and PWV in children have shown conflicting results. In 10-y-old healthy children, physical activity measured by a 20-m shuttle run and pedometer counts were inversely associated with PWV; however, this was attenuated after adjusting for adiposity (19) . In another study of 10-y-old children, physical activity measured by questionnaires was inversely associated with PWV after adjustment for percentage body fat (15) .
It has been suggested that the mechanism underlying a potential beneficial effect of physical activity on arterial stiffness is increased blood flow following exercise. Blood flow increases shear stress, which stimulates endothelial NO production. NOmediated remodelling may induce structural changes, resulting in increased lumen diameter following long-term habitual exercise (40) . However, the associations between pedometer counts and the Aix in the current study were attenuated and nonsignificant in the model controlling for serum HDL cholesterol, serum TG, and HOMA. HOMA was significantly associated with the Aix, indicating that the beneficial effect of physical activity on the Aix may be confounded or mediated via lower HOMA. To our knowledge, no other studies in children have controlled for the effect of HOMA in models with physical activity. Insulin resistance may affect vasodilator pathways, e.g., by reducing NO production, and thereby affect vascular tone; this may support our findings (41) .
Protein intake and arterial stiffness. PWV and Aix are considered noninvasive measures of endothelial function, because local infusions of drugs to modulate the L-arginine NO pathway reduces PWV and Aix (13, 42, 43) . Therefore, we hypothesized that protein intake would be inversely associated with arterial stiffness, because dietary protein provides amino acids such as L-arginine, which is substrate for NO production (44) . Our hypothesis was supported by several studies showing inverse associations between total protein intake and blood pressure (2, 3) . However, we were surprised to see a positive association between protein intake and PWV. To our knowledge, this is the first study to examine relations between protein intake and arterial stiffness in children and more research is needed to clarify the effect of dietary protein on arterial stiffness. In our study, the protein intake may to a large extent reflect meat intake, because the intake of milk was low among our children, contributing only~10% of the total protein intake. Milk intake and arterial stiffness. We also hypothesized that milk intake would have a beneficial effect on arterial stiffness in children with low habitual intakes of milk. The hypothesis was supported by many studies showing that milk intake reduces blood pressure and by studies showing that milk intake may play a role in the prevention of metabolic syndrome (7). To our knowledge, no other studies in children have examined the relation between intake of milk and arterial stiffness. Our data showed a trend toward an inverse association between milk intake and PWV. The effect may be that milk calcium suppresses calcitriol, which decreases intracellular calcium in smooth muscle cells and, thus, reduces peripheral resistance (17) . Another potential mechanism is blocking of the angiotensin system. Intervention studies in adults have shown lower Aix by intake of milk proteins and peptides in obese and hypertensive adults (45, 46 ), but we did not observe any associations between milk intake and the Aix.
Limitations. A limitation of the current study is that it only included overweight children with habitual low milk intake. Thus, it is a selected group of adolescents. Because the milk intake was low among our adolescents, the protein intake originated to a large extent from other food sources such as meat. We found that there was a trend that milk intake was protective against arterial stiffness, and therefore the positive association between dietary protein and arterial stiffness in the current study may well be different in a group of adolescents where milk constitutes a larger part of the total protein intake.
Regarding dietary variables, we only focused on the associations between dietary protein, milk intake, and arterial stiffness. Milk provides other important nutrients such as fat, including SFA. However, a study in 10-y-old children found associations between only percentage energy from fat and arterial stiffness and no associations with SFA (15) , and therefore we decided in the analyses focusing on intakes of milk and protein to examine the percentage energy from fat only. Finally, we have evidence that our overweight adolescents underestimated total dietary intake, because a large proportion reported total energy intakes below BMR, which may have biased the results. Our data also indicated that children with more pronounced overweight underreported most, which is also consistent with other studies (47) , and therefore we included BMI in the initial multivariate analysis with the dietary variables. This study was powered to detect a difference in PWV and the Aix of 0.40 SD, which in our adolescents corresponded to a difference of 0.29 m/s and 3.8%, respectively. The implications of such changes are currently unknown, because, to our knowledge, no studies have focused on the effects of PWV and the Aix in adolescence on later risk of cardiovascular disease.
In conclusion, the current study is novel because it examined relations between measures of adiposity, diet, physical activity, and PWV and the Aix in overweight adolescents and provides a basis for further studies of early determinants of vascular function. The results indicate that central adiposity is associated with poorer vascular function in childhood, but the mechanisms remain to be elucidated. In addition, the study showed positive associations between percentage energy from protein and arterial stiffness and more research is needed to clarify the short-and long-term effects of protein and milk intakes on arterial stiffness in children.
